Full Immersion Into Physics
hands-on science.
On the first day of class, students take both forceand-motion and mathematics diagnostics. Student groups are formed by placing high-scoring students with low-scoring students, and they remain in these groups the entire semester. While low scorers obviously benefit from this arrangement, high scorers do as well -especially in the process of articulating their ideas with low-scoring classmates during workshop activities.
Content Block
The first 9½ weeks are divided into three units: language and processes of science, force and motion, and pressure and weather. Content is covered almost exclusively in a "workshop mode," 2 which means that students work in groups of three or four through an activity guide, 3 conducting experiments and answering questions, while the instructor ("coach") moves from table to table checking for understanding and engaging groups and individual students in Socratic-
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E
very fall, several million freshmen enter our colleges and universities to obtain a liberalarts education. The typical student enrolls in just one liberal-arts physics course for 14-16 weeks before graduation. Then, the student disappears into the folds of society forever. How, then, shall we use this brief window of opportunity?
At the University of Wisconsin Oshkosh, we promote scientific literacy by emphasizing the nature of science. One product of this emphasis is Workshop Physical Science (WPS), a small-group experience for students seeking to fulfill a general-education requirement. The goal of WPS is to expose students to every facet of science research from initial grant-writing to submission of a final research paper. Within this experience, these nonscience students carry out an original experiment called a student-directed project. 1 We describe our experience here and provide tips for readers who might be interested in adapting the idea to other situations.
Course Context
For each of the past four years we have been allotted 14 weeks a semester to engage some 100 students in what is usually their first and last experience with style dialogue. 4 During the content block, every possible instructional effort is directed at preparing students for the final research experience. Small-group workshop activities are designed specifically to simulate the challenges and basic tasks of more extended project work; all tasks are hands-on, exploratory, and collaborative to reflect the nature of the research experience, and geared to developing an intuitive or "gut-level understanding" of the material. Students are frequently encouraged to "slow down" to genuinely understand the material. 5 In sum, an atmosphere is created in which students develop a sense of what it means to know something well. The confidence that comes with this "sense" is a key ingredient to the success of the student research experience.
Workshop activities are structured around the three-stage teaching model of Nussbaum and Novick: (1) exposing alternative frameworks, (2) creating conceptual conflict, and (3) encouraging cognitive accommodation. 6 In the first stage, students are posed a context-rich physics problem and asked to make predictions in several different representations (e.g., written description, graph, motion map.) This stage helps ensure that every student is aware of his/her own ideas, and helps the instructor address specific misconceptions. In the second stage, students conduct a hands-on experiment. By design, this experiment frequently leads to learner dissatisfaction with existing ideas. In the third stage, students are guided through a formal comparison of predictions and results to promote the desired conceptual change.
In some cases, students make and view an Interactive Physics TM simulation prior to conducting the actual experiment. 7 The simulation bridges the sometimes large gap between prediction and experiment, and becomes a helpful tool for dislodging student misconceptions. This basic pattern is repeated many times on a larger scale during the student-project period.
By the end of the content block, students have gained much more than an understanding of physics. They have also acquired important technical skills in how to collect and analyze data with a computer and computer-based detectors and probes, gained sciencewriting experience, reviewed basic mathematics, and developed small-group communication skills. Equally important, students become acquainted with the learning styles of other group members and learn to work as a team.
Project Block
For the last 4½ weeks students engage in an actual research experience: the preparation and submission of an original research proposal; the "student-directed project" or small-group research project; public presentation of a poster, delivery of a public oral presentation (in which faculty are invited); and, finally, the submission of a group paper.
The small-group project is "student-directed" in the sense that students are primarily responsible for the design of an original research plan, and for all subsequent research decisions. The instructor plays a role not unlike a graduate-student advisor.
In the weeks leading up to the project, students are challenged to "dream a little." With the challenge comes a promise: If the proposed research plan is sound, every effort will be made to make their project happen, even if it means committing student assistants and departmental staff to build new apparatus.
If students find great difficulty selecting a research problem, ideas from previous semesters and little treasures from The Physics Teacher are suggested. For ele-mentary-education majors, alternative projects that focus on educational applications are offered. In this case, students conduct a feasibility study of an experiment to be used in the classroom and write a lesson plan using Gagne's "Nine Events of Instruction." 8 As in real life, the research experience is peer reviewed. Half of the student's grade is determined by peer evaluation. Typically, students give each other generous scores, but not always, and seldom is a perfect score given. The rest of the grade is determined by the instructor on the basis of the final paper, poster, and oral presentation.
Project Examples
Semester after semester, students surprise us with their creative and ambitious ideas. The following is a sample of student projects from past years:
Big Splash: Students dropped balls from a height of two meters into a bucket of water, then related the weight of the balls to the amount of water displaced. To control for ball volume, they filled a Wiffle TM ball (baseball-size perforated plastic sphere) with different amounts of sand and sealed the outside with masking tape.
Golf Phy sics:
Avid golfers in the class modified a ballistic pendulum apparatus by substituting golfclub heads for the ball trap. Heads of different sizes, weights, and angles were designed in the machine shop and screwed into the pivot arm. Students determined the relationship between club-head characteristics and the range of the golf ball.
Foot Paint: Education students measured the stride lengths of kindergartners. Children were asked to dip their "big" toes in finger paint and walk across a long strip of white paper. Measurements were correlated with gender and leg length. The experiment was supplemented with a second-grade lesson on measurement. The project related well to prospective early-elementary teachers.
Rockets R Us:
Students studied the vertical launch of several different rockets by estimating the peak height of each. One end of a long piece of thread was attached to the base of the rocket, and the other end wound around an empty toilet-paper roll and spindle. As the rocket rose, the thread unraveled until the rocket reached its turning point. The length of unraveled string yielded the rocket's peak height. The experiment was augmented with an Interactive Physics simulation to determine the force on each rocket during thrust phase.
Phy sics of Bowling:
Students constructed a miniature bowling alley out of 2-in high aluminum cylinders, a steel ball, and long metal guides. A constant force was delivered to the bowling ball using the spring-loaded gun of a ballistic pendulum. (WPS students get good use out of ballistic pendulums!) Students measured the average number of pins knocked down versus the initial lateral position of the bowling ball.
Rise Time in a Pool: Students submerged balls of various sizes to the bottom of the campus swimming pool. Students determined the relationship between the volume of the ball and rise time. This was a simple experiment with nice results.
Observations
To date, we have guided more than 100 studentdirected projects. The great range in the quality of student projects is striking. What makes some projects sizzle and others fizzle? In struggling with the question, one generalization has emerged:
The success of student-directed projects depends more on the inherent characteristics of the research problem, and less on the characteristics of the individual students (e.g., motivation level, aptitude).
Students are unlikely to select a research problem that is instructionally profitable or sufficiently focused on the first try. However, with the help of the instructor, the original idea can usually be modified and narrowed to obtain the desired educational impact. The art of guiding the selection of good research problems is one of the most important instructional tasks of the course. Based on our experience, we offer some tips for guiding student selection or modification of research problems.
Project Tips
Guide students toward a research problem that is: 1. Simple. If the research problem or measurement process is too complicated, students may get lost in the interplay of experimental variables, and a clear view into the scientific-thinking process may be obscured. 2. Profound. Projects that begin with a simple question and unfold into an unexpected or beautiful outcome will have a long-lasting impact. 3. In the zone! Every student has a "zone of proximal development," an expression used in cognitive science. 9 This zone is a circular band around the learner in abstract-learning space. Beyond the zone, ideas and associations do not connect sufficiently to prior learning to be useful to the student; inside the zone, ideas and associations are not sufficiently new or foreign to push learners toward new learning. 4. Relevant. If possible, students should work with projects that encapsulate a network of associations and ideas from the course. Then the project helps the student "put it all together." 5. Workable. Even with highly refined college laboratory apparatus, students may not see the classically expected result. 10 Experiments will ideally not depart too far from what Galileo termed our "world on paper."
Sample Projects
The following "model" research problems illustrate the above project tips and show how solutions were pursued by WPS students as student-directed projects.
In 1602, Galileo posed the Law of Chords problem (at right) to his Aristotelian adversary, Guidobaldo del Monte, as a first step toward his proof of the isochrony of simple pendulum. 11 The final result (for ideal conditions) is revealed here, but before diving into this problem, make an intuitive guess at the answer. How might your students answer this question?
At first, our student group predicted an angle of least time of near zero degrees since, the students reasoned, the ball has the shortest distance to travel there. But soon after, several members expressed misgivings and a debate ensued. To test their predictions, students used a ball, metal guide, and two photogate timers. A detailed description of the student's research adventure can be found in Ref. 12 .
The educational impact of this project was impressive. The problem statement is both simple and compelling -even a child can understand it. Students immediately expressed confidence that they would get the answer right -even excited that they
Law of Chords
Research Problem: A ball is released at some point on the perimeter of a vertical circle (see figure) and rolls down a ramp to the lowest point on the circle. The ramp may be rotated about the circle's lowest point. For what angle will the time of travel between a point on the perimeter of the circle and its lowest point be the least? D had settled on such an "easy" research question. Yet it challenged them! In addition, the experiment held a surprise: When friction and rolling effects are small, the time of descent is approximately independent of angle! As data was collected, the students were stunned! When the data challenged their expectations, the students actively struggled to explain the observed time-independence using principles they learned in class.
For the instructor, the important question is: Will the research problem trigger real learning in a classroom?
A group of elementary-education majors stumbled upon this Crossing Time research problem, quite by accident, while conducting a simple inclined plane experiment. At the outset, students predicted an angle of least time of about 90 degrees, since the speed of the ball at the end of the guide is greatest at this angle. It did not take long, however, for them to realize their error. After much discussion, the group settled on a prediction of 45 degrees. To test their predictions, they used a stopwatch, long metal track, and golf ball. A complete description of the student's experimental procedure and data analysis is given in Ref. 13. This research experience proved to be a powerful learning experience for the group. What made it so successful? To answer, we have to examine the characteristics of the research problem itself. As stated, it is concise and apparently simple. At the outset of the project, each student had a clear understanding of the problem. Students verbalized that the problem was within their "zone" of ability. Once under way, the research problem held interest for the students. Prior to data collection, they argued vigorously about the eventual outcome of the experiment. These discussions were fanned further by the asymmetrical timeversus-angle graph. By project's end, the experience had brought together for the students much of the course content (e.g., basic kinematics, independence of components, forces). And moreover, the experience helped students feel effective with science.
Remarks
For many students, the semester-long liberal-arts physics course is their first and last experience in physics. As a physics community, it is important that we use this window of opportunity to promote scientific literacy. The approach taken in this article is to give students a full-immersion experience of science through science research and through this strategy, enable students to retain the general spirit and methodology of our great trade.
